I realized my limitations and the difficulties of worthily upholding the position which so many distinguished men have filled. In accepting the Presidency I did so with the belief that in electing me to the office you intended the compliment to be paid to the public health department of the State, which has furnished so many members to this Society, in which I have the honour to serve, and which in the changing circumstances of the times is now styled the Ministry of Health.
My second duty is to offer my apologies to the Section for the delay that has occurred in the delivery of the customary Presidential address. In the first place, this was due to my leaving England on an official visit to the United States of America, and secondly, to the fact that on my return to this country an outbreak of small-pox kept me more than busy. The time at my disposal for preparing a presidential address has been so limited that I could not hope, had I the ability, to place before you a reasoned statement of the present prevailing opinions in regard to epidemiological research and I can only crave your kind indulgence. THE HISTORY AND AIMS OF THE OLD EPIDEMIOLOGICAL SOCIETY.
The Commemoration Volume of the Epidemiological Society of London, issued in 1902, in celebration of the Jubilee Anniversary of the Society, records that the Society owed its origin to Mr. J. H. Tucker, of Berners Street, who, under the nom de plume of "Pater," advocated its formation in letters which he published in the Lancet in 1849. It was suggested that the first work of such a Society would be to deal with cholera, but later the scope of its influence was extended to other diseases. The ultimate result of these letters in the Lancet was a public meeting which was held on July 30, 1850, under the presidency of Lord Ashley, afterwards the Earl of Shaftesbury. The foundation of the Society followed and Mr. Tucker was one of its first three secretaries. The first meeting took place on December 2, 1850, and Dr. Guy Babington, F.R.S., the first President, when delivering the opening address defined the object of the Society in these words:-" To endeavour by the light of modern science to review all those causes which result in the manifestation and spread of epidemic diseases-to discover causes at present unknown, and investigate those which are ill understood; to collect together facts upon which scientific researches may be securely based; to remove errors which impede their progress; and thus, as far as we are able, having made ourselves thoroughly acquainted with the strongholds of our enemies and their modes of attack, to suggest those means by which their invasion may either be prevented; or if, in spite of our existence, they may have broken in upon us, to seek how they may be most effectually combated and expelled." (Lancet, Decemnber 7, 1850.) In 1913, when the title of the Section was changed, the objects of the Section were defined as follows: "For the investigation of epidemic and .endemic diseases in respect of the circumstances and conditions which favour, prevent, or are otherwise associated with their occurrence, their persistence or their variations in type or character."'I To what extent and with what success the Epidemiological Society has contributed to the science of epidemiology and to medical literature can be realized by reference to the index of the papers that have been read at its meetings, and to the reports of its various committees which have been formed from time to time for the purpose of studying special branches of epidemiology; and certain of these reports have been printed by order of both Houses of Parliament. Though much has been accomplished there is yet much to be learnt and there are many problems to be solved; the work for which the Society was founded remains, and added knowledge has demonstrated the vast field and complexity of the problems that have yet to be unravelled.
From the report in the Lancet of August 3, 1850, on the meeting which led to its foundation, we learn that the objects of the proposed Society were two-fold. One is set forth in the words I have quoted from the address of the first President, and the other is "To appeal to the public for help and ,encouragement in effecting a mighty effort for the public weal." It is clear that in the early days of the Society contributions to its funds were expected, and in the laws of the Society defining the duties of the Treasurer and of the Secretaries it is stated that these last-named officers " shall at each meeting ....
announce donations."
Laymen were solicited to join our body as donors and as annual subscribers; it was maintained that we ought to be subsidized by Government itself and a contribution was actually solicited by a petition to the Prime Minister. The early attempts to induce lay members to make common cause with us signally failed, and the first President, Babington, who had held office from the commencement of the Society in 1850, in his farewell address in 1864, had no hesitation in stating that " we must support our character as scientific investigators, apart from all considerations of popular sympathy, or we shall lose our dignity and self-respect, and, together with these, the influence and utility of our position and authority." He stated that if the Society had not done all the works which had been planned for execution at its formation, this was not to be attributed to want of zeal or inclination on the part of its members, but to the very restricted amount of funds at their disposal to carry out operations so extensive and so costly.
1 Proceeding8, 1918, vi (Sect. Epid. and State Medicine), p. 119.
While the Epidemiological Society's Transactions bear witness to the wide range of subjects considered at its meetings and to the merit of the contributions furnished by its members to the study of epidemiology, they also testify that many of the most important papers have been written by medical officers of the Royal Navy, the Army and the Colonial Services, and by medical men who have not served in any of the State medical services. Our first president, a pioneer worker of his time in many branches of medicine, was a physician to Guy's Hospital. He exercised a wide and beneficent influence over our Society during the first fifteen years of its existence. Although he had acquired experience abroad as a midshipman in the Royal Navy and in the Civil Service of the Honourable East India Company before he commenced the study of medicine, he never served in any medical department of the State. Without irn any way detracting from the value or minimizing the high esteem that is due to the work of these men, it can be said that the elucidation of epidemiological problems has been closely associated with the public health department of the Civil Service.
The birth of the Epidemiological Society in 1850 took place at a time when John Simon had commenced to write, and the medical staff of the Privy Council came into existence. To this staff belonged Netten Radcliffe, George Buchanan, and others, the value of whose epidemiological work cannot be over-rated. When the State Medical Department was transferred to the newly constituted Local Government Board in 1871, other men joined the service, and the study of epidemiology was continued by Power, Thorne-Thorne, Ballard, Barry, Parsons, T. W. Thompson, Theodore Thomson, Bulstrode, and many more whose names are household words in the Epidemiological Society. Only last year we lost one of our members, who joined the Society in 1887, my old colleague Robert Bruce Low, whose industry, skill and perseverance materially assisted the advancement of our knowledge in regard to the prevalence and distribution of disease throughout the world. In a sense he continued the work which is specially associated with the name of Netten Radcliffe. While he held a strong view on many subjects, he had only one opinion, and that an honest one; and he was able to keep an unbiased mind for he loved truth for truth's own sake. His amiable disposition, courteous manner and his readiness at all times to place his knowledge and experience at the service of his medical brethren endeared him to all.
The Medical Department of the Local Government Board received a small annual sum from State funds, which was known as the Scientific Grant, and the use made of this, and the value of the work it was possible to subsidize, are shown in the annual reports of the medical officers of the
Board.
A small amount is still allowed to the Ministry of Health, and is available to meet current needs of its medical department, but the State has realized the importance of investigation of medical problems, and the formation in the year 1913 of the Medical Research Committee, now known as the Medical Research Council, has been the result. When the Epidemiological Society was first instituted it advocated adequate endowment for medical research. We cannot claim that such a proposition solely emanated from that society, as it has been advanced by others, but we can congratulate ourselves that with the advent of the Medical Research Council one of its primary objects has been fulfilled. The science of epidemiology is not limited to one country, it embraces the whole world; it is not confined to one race of man, nor indeed to mankind alone, it extends to the animal and vegetable kingdoms. It is closely associated with geography and history, with the work of the physiologist, pathologist, bacteriologist and chemist, with the science of statistics, and with clinical medicine. Its interests are far reaching, and this Section, devoted to its study, can look forward with satisfaction to the progress our branch of medicine is bound to make as a result of the comprehensive work carried out under the auspices of the Medical Research Council.
One cannot look back without realizing how many advances the science of epidemiology has made during the last fifty years. Advance has been made by leaps and bounds since Laveran, in 1880, demonstrated the animate nature of the malaria germ, and expounded his views in regard to protozoan infection, and since Manson, in 1878, wrote on the development of the Filaria sanguinis hominis. Manson became a member of the Epidemiological Society in 1900, and his membership in the Section of Epidemiology and State Medicine ceased with his death in April last year. During this period his pleasing personality, and his willingness at all times to help others, won for him the goodwill of its members, while his wisdom in debate compelled their respect. He was a firm believer in the influence of the Epidemiological Society in promoting the study of epidemiology, and his interest in it was second only to that which he took in the London School of Tropical Medicine, to which he devoted much of his time. The foundation of this School was the direct outcome of a lecture he delivered in 1898 at St. George's Hospital on the need for special study of tropical diseases, and from the date of its initiation it was his spirit that inspired the valuable work done at this School. Born in 1844, Manson was only 21 years old when he went to Formosa, and commenced the study of tropical diseases, and with a success that has made his name famous throughout the world.
It is difficult to forecast what will be the ultimate effect on epidemiology of the many contributions to medical and scientific knowledge furnished by Manson during the half-century of his active professional life.
In his Presidential Address, before the Epidemiological Society, in November, 1900, Sir Patrick Manson set forth what he thought should be the future lines of research in the elucidation of the many epidemiological problems brought prominently before the world, by the necessity for including the protozoa and nematodes among the important pathogenetic organisms affecting man, and by the knowledge that many diseases are spread in a variety of ways by blood-sucking arthropods. He considered that each problem, after thoughtful formulation, should be carefully worked out by a special investigation. He expressed the opinion that this was the only method of advance, as it was the only way in which to economize the somewhat limited supply of pathological and epidemiological energy in the market. He also suggested that as each investigation would probably extend over a considerable period-probably one or two years-in order to secure continuity of work and to minimize risk of interruption by ill-health, or other contingencies, it would be better to have two investigators for each subject. He concluded his address with these words:
" It will be strange if in a country which provides liberally for what might be called sentimental expeditions-such as the discovery of the North Pole, or fir settling mere geological points of not very great practical importance, such as the determining of the process by which the Coral Islands acquired their peculiar conformation-it will be at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from strange if in such a country funds cannot be provided to attempt, in the way I suggest, or otherwise, the settlement of important questions affecting the life and comfort of men and the material prosperity of the country."' During the twenty-two years that have elapsed since Manson delivered the address, there has been considerable stimulus in the study of pathology and bacteriology, sciences that directly improve our knowledge of epidemic disease though not of the epidemicity of disease. Many workers have entered these fields of study, but it cannot be said that there has been any comparable influx of workers in the domains of epidemiology. There are few men who have the time and opportunity to devote to this science, and however rich the reward that may fall to the successfal worker from the fact that he has matdrially assisted in advancing knowledge and in affording relief to suffering humanity, it is nevertheless a sad truism that, judged on the sordid basis of finance, there are other branches of medicine which are more remunerative. To be able to work men must be able to live, and to be able to live necessitates the possession of the essential means of supporting life.
Manson's early work on filariasis gave an enormous impetus to the study of the part that insect life plays in the transmission of disease to man, and has resulted in definitely linking up certain diseases with blood-sucking flies; malaria, yellow fever, sleeping sickness, dengue and the maggot disease of Trinidad and Central and South America are instances of this. It has been suggested by Sambon, colleague and friend of Manson's, that some bloodsucking fly, of cosmopolitan distribution, may be responsible for the spread of leprosy. Should this prove to be the case it will be interesting to know whether this fly is to be found in England at the present time. The absence of this fly would help to explain why cases of leprosy do not now occur in persons in this country unless they have been resident in places abroad where leprosy is endemic; while the presence of this fly would add another to the many problems for solution, namely, why the condition does not spread to our indigenous population from the lepers who have returned to this country from abroad.
DISEASES COMMUNICATED TO MAN BY ANIMALS.
If we turn for a moment to diseases that are spread from animals to man, we have an instance, and one we cannot often observe, of the effect of a legal enactment, within a short period of time from its being put into operation, having the direct result of eliminating a disease from our midst, and in regard to which the cause and effect can be seen distinctly. This is the Rabies (Muzzling of Dogs) Order of the Board of Agriculture and Fisheries which was first put into operation in 1889, and which was in force in one or anotherpart of the country for fifteen years. As the result of its enforcement and through the restrictions placed on the introduction of dogs from abroad, hydrophobia ceased to exist in this country; and for a period of fifteen years we were free from the disease. Re-introduced during the war period in 1918 the infection speedily disappeared on the re-enactment of the Order, and the Order was withdrawn finally in 1922.
While it is generally accepted that the milk of cows suffering from tuberculous disease of the udder is capable of conveying tuberculosis to man, we observe an extraordinary attitude on the part, not only of the medical profession but also of the veterinary profession, namely, that of rejecting any suggestion that the milk of cows can convey other disease conditions to man. An instance of this is the group of symptoms closely allied to those with which we are accustomed to associate with the malady known as scarlet fever, and which, from the fact that the inculpated cows were at a farm at Hendon, became known as the Hendon cow disease. The reasoned plea advanced that the observed illness in man was the direct outcome of the consumption of the milk of the affected cows was combated with a strenuousness which was remarkable. The opposition to the theory that such a disease in man could be acquired through the consumption of specifically infected milk remains, notwithstanding that the application of the discovery of Horrocks, that Malta fever was spread by goats acting through their milk, had the immediate effect of eliminating a milk-borne disease which for many years had materially impaired the military efficiency of the British garrison at Malta. Like conditions to those described in the Hendon outbreak, in which the malady in the human species can only, in the light of our present knoqwledge, be referred to the consumption of milk, and in which the cows that supply the milk are found to be suffering from local disease of the udder and possibly from a general constitutional affection, continue to occur from time to time. There is a recent incident in which the removal of an affected cow from the milch herd of a particular dairy was followed by the cessation of illness among the consumers of the milk.
At the time that the theory of the Hendon cow disease was first advanced the objections raised may have been due in some measure to the fact that the bacteriologists of those days endeavoured to link up the observed phenomena with what was then considered the causal micro-organism of scarlet fever, and their failure may be wholly or in part responsible for the opposition directed against any possible association of the malady in man with cow disease. The amount of personal feelitng that has been introduced into the controversy is regrettable. If the Hendon cow disease is a disease entity, from the point of view of a symptom group, abuse of the theory of its causation will not affect its validity, and I am tempted to quote a remark made a couple of years ago by a member of this Section that "we need all our wits for construction, and have none to spare for the manufacture of wounding sarcasms or the revelation of others' shortcomings."
Anthrax is another disease that is communicated directly or indirectly from infected animals to man, but in it the infection is limited to the individual and does not spread from him to the community. For many years it has been known that the infection can be acquired by man through handling specifically infected skins. An instance occurred during the war, in which Professor J. F. Tulloch, of Dundee, then a Lieutenant in the Royal Army Medical Corps, found the Bacilluts anthracis in the cerebro-spinal fluid of a man who was thought to have died of cerebro-spinal fever, and on continuing his investigation he was able to demonstrate that the infection had been acquired through the respiratory tract. Bv so doing he added another link to the chain of evidence that anthrax is one of the diseases that is air-borne. A more recent instance in connexion with anthrax which is of interest is that of a man who died of anthrax, and who, immediately before his fatal illness. had been engaged in unloading bone meal from a vessel in one of the London Docks. Colonel P. G. Stock, who investigated the matter, was able to produce evidence that certain samples of the bone meal obtained from the cargo of the vessel were infected with anthrax, and the question at once arises whether the sporadic outbreaks of anthrax that occur among animals in this country are associated with the use of bone meal for manure.
Recent researches have demonstrated the part played by the rat in rat-bite fever, epidemic jaundice, trichinosis and septic pneumonia, whilst the known fact that the rat-flea is responsible for conveying the infection of plague has in great measure directed preventive measures against the rodent rather than against man, so far as the bubonic and perhaps the septicaemic form of the disease is concerned.
It is interesting to recall the views held during the last half-century in regard to the spread of plague.
The Commission of the French Academy of Medicine, in 1884, concluded that plague should be regarded as an endemic disease of Egypt occurring in communities living upon alluvial and marshy soils and on the banks of great rivers such as the Nile, and that it was associated with badly ventilated and over-crowded houses, -great accumulations of putrefying animal and vegetable matters in the vicinity of dwellings, unwholesome and insufficient food, excessive physical and moral misery and the neglect of the laws of health in public and private life. It came as a surprise a few years later to find that plague had established itself in other parts of Africa and in Asia. The danger of infection was thought to be proportionate to the fouling of the atmosphere surrounding the patient by the effluvium from his body and breath, and that the infection was peculiarly easy of destruction by free dilution with air. It was recognized that the infection could be carried by fomites, such as clothing and bedding, and that the condition for infection of articles of clothing and bedding was their intimate use by, or association with, the sick. Direct contact with the sick was not considered essential to transference of infection. We can see now that the environment of plague-infected areas was such as to encourage infestation by rats and that the conditions in which infection was acquired were those that were favourable to its transmission by the rat-flea. As the result of researches into relationship of the flea to the rat, and of the rat to man, plague came to be regarded from the point of view of epidemiology as essentially a rat disease in which human beings may participate. The Advisory Committee for Plague Investigation in India concluded their interim report of 1910 with the statement that: " In districts which suffer annual epidemics of plague, the rat epidemic, on which the human epidemic depends, occurs during some part of that season when the prevalence of fleas is greatest." The seasonal prevalence of plague is therefore dependent on the life history of the flea. In the space of the last quarter of a century during which we have been adding to our knowledge of plague, we have seen this disease spread from place to place and we recognize that it has been established in districts far removed from Egypt and India, viz., among the ground squirrels of California and the garbilles and multimammate mice of South Africa.
During the war large stQcks of merchandise, accumulated at certain ports abroad, waited for opportunity of shipment, and much of this afforded excellent opportunity for the harbourage of rats as well as ample food and facilities for nesting and breeding purposes: it is admittedly difficult to prevent rats being carried on board ship with cargo at such ports as Bombay. The exigencies of the situation prevented systematic, or indeed any, fumigation of ships for rat destruction and the rat population increased on board ships, and much dunnage accumulated on vessels. An instance of this, and probably an extreme case, is that of a vessel fumigated by burning sulphur in January, 1920, in the Port of London. After fumigation 1,466 rats were found dead and thirty-five loads of refuse were removed from her holds.
The requirements of the United States of America that all ships trading to ports in the States shall be " de-rat-ized " every six months has given a stimulus to the use of hydrocyanic acid gas for the destruction of rats and rat-fleas on board ships, and evidence of the properties of this gas being capable of destroying human life have not been wanting. Nevertheless the advantages of this gas in freeing vessels and especially vessels of large tonnage, from rats, fleas and bugs are so great that systematic investigation in regard to its properties under circumstances met with on shipboard and varying conditions of temperature and mixture with other gases is now being undertaken abroad and in this country. The systematic " de-rat-ization" of vessels which has been practised by many nations since the conclusion of the war has had a remarkable effect in lowering the rat population on board vessels. In our ports, and in the ports of the United States, very few rats are now found on vessels after they are fumigated. With the disappearance of rats from vessels the possibility of plague being ship-borne from port to port becomes remote. The difficulty of devising adequate measures on land to exterminate the infection in rodents and like animals remains.
"CARRIERS" OF DISEASE.
When it became known, primarily through the work of bacteriologists, that man, as a " carrier," played a part in the spread of infectious disease, a new problem in epidemiology presented itself and inspired fresh efforts to cope with it. Nevertheless a warning was forthcoming from the epidemiologist that the discovery should not be relied on as a final solution of disease causation. The carrier subject was eagerly investigated by the bacteriologist, experimental pathologist and public health administrator. Enteric fever, paratyphoid, cholera, dysentery, cerebro-spinal fever, poliomyelitis, diphtheria, pneumococcus pneumonia, influenza, were all subjected to close scrutiny with the object of obtaining effective control over these diseases. It became recognized that there were two types of carriers, the transitory carrier and the chronic carrier, and that the latter may be the subject of periodical recurrences during which he may be peculiarly liable to spread infection. It was thought that he was responsible for the persistence of infection in endemic form and for recrudescence of infection in epidemic or explosive form.
But we are far from understanding the part played by the diphtheria carrier, and while we know that a large number of diphtheria carriers exist, it is only occasionally that a carrier transmits the clinical disease to others. The test of virulence of the Bacillus diphtheriae to guinea-pigs is not entirely satisfactory, for although definite strains of Bacillus diphtheria? may prove fatal to guinea-pigs, it does not follow that these virulent strains, when harboured by a carrier, are those that enable him to transmit clinical diphtheria to other persons.
In early times, when it was recognized that certain diseases followed the routes of human travel, it was conceived that the infection of these diseases was conveyed by the traveller. This led in the first instance to the compulsory segregation of persons for prolonged periods under quarantine regulations. But the spread of infection was not stayed. Then followed the disinfection of personal clothing and belongings, at first by exposure to air and sunlight, afterwards to dry and moist heat. Experience showed that even after the most thorough disinfection of_yers,onal baggage the infection appeared beyond the quarantine and disinfecting stations. Quarantine, even when based on modern knowledge, has not prevented the introduction of plague into Australia.
THE SEASONAL INCIDENCE OF DISEASE.
We can state without possibility of contradiction that certain diseases have a seasonal incidence. If we take two of such diseases with which we are familiar in this country, we can say that in England whooping-cough is prevalent in the first half of the year and scarlet fever in the last half of the year, but we can give no definite reason for this fact. We can say that one is a disease of the spring and the other of the autumn. Although it has been suggested that the infection of one of these two diseases, viz., scarlet fever, may be conveyed by the domestic flea, most of us believe, rightly or wrongly, that the infection is acquired mainly through the nasopharyngeal tract, and that in the majority of cases it is transmitted from person to person. But even if this is true it adds to the difficulty of explaining why one is a disease of cold weather and the other of warm weather. We know that while anthrax attacks bovine and other animals, fowls do not contract this disease, and for the explanation we are indebted to Pasteur, who showed that if the temperature of the blood of a fowl was lowered by immersing its legs in cold water the bird could not resist infection by anthrax and the Bacillus anthracis could be demonstrated in its blood, and that on restoring its normal temperature the Bacillus anthracis disappeared from the blood-stream. This experiment of Pasteur established the fact that in certain conditions the environment of micro-organisms prohibits their capacity to develop functions detrimental to animal life, but the principle concerned cannot be applied to explain the seasonal prevalence of scarlet fever, as we have no reason to believe that there is any material difference in the body temperature of man in the spring and autumn seasons. Moreover, we do not know the causal organism of either scarlet fever or whooping-cough. Scarlet fever has been shown to be a disease that is not indigenous to India, and that children born of European parents rarely suffer from this disease while in India. Though the fact may in some measure be explained by the different habits of life of Europeans in India and in temperate climates, we do not know why the disease, when once it is introduced into what in England would be a susceptible population, does not assume epidemic proportions in India. The explanation will probably be forthcoming when once the cause of the infection is known.
Before we knew the part played by the mosquito in the spread of yellow fever we were satisfied that the presence of this disease in Swansea, in 1865, was associated with the excessive heat of the summer of that year and that the infection had been brought to our shores by a vessel from the West Indies. We now know that the activity of the mosquito is dependent on the atmospheric temperature.
It is a matter of common knowledge that when small-pox occurs in England in the late autumn and continues during the last months of the year, it may assume epidemic proportions during the first quarter of the next year, the summit of the epidemic curve being reached in the second quarter of the year, after which the epidemic declines. This phenomenon cannot be attributed solely to the temperature of the atmosphere. It is on record that a destructive epidemic of small-pox occurred in Madagascar in the year 1868 at a time when the mean temperature fluctuated between 900 and 100°F., and that this disease was observed to spread in the Hudson Bay Territory in the year 1870 when the thermometer was standing at 400 below the zero of the Fahrenheit scale.
In regard to small-pox we have the experience of a mild type of this disease introduced in 1921 into the northern Midlands, possibly from America by means of imported cotton. A very moderate amount of vaccination appears to afford immunity to this disease; except in rare instances, only the unvaccinated and persons over 40 years of age who have been vaccinated in infancy and whose protection by vaccination has diminished by lapse of time, have been attacked by the disease. It has been unaccompanied by fatal results and many of those attacked have not sought medical assistance and the disease continues to manifest its presence. At the same time we have seen in 1922 a type of small-pox occur in London and its neighbourhood, introduced possibly from the East, which has exhibited a virulence and has been accompanied by a mortality probably as great as any of which this country has had previous experience.
We are still without definite knowledge of the causative micro-organism of small-pox, chicken-pox, scarlet fever, measles, typhus fever, and perhaps to this list influenza may be added. We believe that these diseases, with the exception of typhus, are transmitted directly from person to person without the intervention of any insect carrier. At one time, and until quite recently, we thought that the infection of typhus was communicated in like fashion. Now we know that the infection is transmitted by a biting insect, the louse. Poverty and want, and times of famine, have been recognized for many years as associated with epidemic prevalence of typhus and we can appreciate the fact that verminous conditions of persons are allied with such occurrences, and that the verminous condition accounts for instances that have been observed when typhus has been prevalent, and when famine and destitution have been absent. With the knowledge that lousiness must be fairly common among certain classes in Ireland, as evidenced by the fact that some 60 per cent. of Irish emigrants that arrive in Liverpool on their way to America and Canada are found to be verminous, we can realize that the absence of widespread prevalence of typhus fever in Ireland must be due to the fact that the causative agent of the disease is lacking.
If we turn to diseases which are definitely associated with a causative micro-organism we can include in the number cerebro-spinal fever, enteric fever, diphtheria, cholera, and plague, and excepting plague, each of these diseases is associated with the carrier" problem. Whether or no there are carriers of cholera who can be classed as "chronic" carriers we have no precise information, but we know that chronic carriers occur in regard to the other three diseases.
THE KNOWLEDGE OF THE ANCIENTS.
Sambon, in an interesting paper,' has recently reminded us of instances showing that the Ancients definitely associated rats with pestilence. That they carefully protected, and when possible, domesticated the natural enemies of the rat, even deifying some of the more useful ones such as the cat, the kestrel and the cobra. That they made special use of rat-eating species of snakes, and constructed snake-pits in the medical temples in which they kept large numbers of these harmless snakes, and were thus able to send these snakes to be liberated at places in which plague occurred; and he cites a case of the use of these snakes in Rome 293 B.C., when plague broke out in that city. That the Ancients protected the scarab because it destroyed the Heltu worm, ankylostoma, and preserved the ibis, because, its usual food being fresh i " Tropical and Sub-tropical Diseases," Journ. Trop. Med. and Hygiewne, 1922, xxv, p. 183. water conivalve molluscs, it kept at bay two formidable snail-fostered parasites, Schistosoma hamatobitrn, which gives rise to endemic haematuria, and Schistosoma mansoni which is one of the causes of dysentery. That a Babylonian clay tablet, baked over three thousand years ago, now in the British Museum, bears in cuneiform signs the name of the "Fever Fly," that a coin of Greek Sicily commemorates the elimination of malaria by drainage, that Peruvian aborigines, long before their conquest, used cinchona bark in the treatment of intermittent fevers and that the ancient Egyptians employed cotton netting as a protection against mosquitoes. Sambon mentions other instances of similar character from which he deduces that "modern nations undertaking colonization should copy the great colonists of the classic period whose success in planting large, prosperous colonies was due to the fact that their first step invariably was to banish disease by means of thorough sanitation." But his paper brings into prominence the fact that in the classic days the Ancients possessed a knowledge of the causation of disease which faded into oblivion during the Middle Ages and which is only now being brought to light.
THE EPIDEMICITY OF DISEASE.
To understand the individual circumstances in which diseases have occurred within the several periods of time and at the various parts of the globe, to show whether they have been subject to any differences, and of what kind according to the time and place; what causal relations exist between the factors of disease acting at particular times and in particular places, on the one hand, and the character of the diseases that have actually occurred on the other; and finally to show how those diseases are related to one another in their prevalence through time and through space, are matters that require prolonged, careful and accurate study before successful accomplishment can be achieved.
Our available knowledge does not suffice to account for recurring epidemics and pandemics of disease; of the nature of their cause, or the manner in which they operate, and of the influence that brings them about we know but little. It cannot be said that we understand the precise circumstances in which diseases have occurred at different times and in different parts of the world, and whether they have been subject to the same or to differing agencies, and if so, to what kind according to time and place.
It has been said that disease is merely the reaction of the system under the influence of causes subversive to the normal and healthy functions; and that it is clear that whenever it arises some antecedent or existing cause must have been in operation, and that the previous action of the antecedent or existing cause may be concluded from the results. In dealing with epidemic and pandemic disease, while it is evident that antecedent or existing causes must have been in operation, we cannot as yet say that we are familiar with them. Careful inquiry, while it has demonstrated the prevalence and intensity of the causes of disease at different places, has failed to reveal the influences at work which determine the distribution and behaviour of epidemics or the laws under which they prevail. Such advances as have been made in our knowledge in recent years have been due to the precision with which intensive study of different problems has been carried out, and we have seen the resulting benefit that has accrued to the human race from the application of this knowledge to the everyday circumstances of life. The comparative freedom of Central America and the Panama zone from yellow fever, and the advantages to the trade and commerce of the world that have followed the opening of the Panama Canal, and the civilization and colonization of the Eastern world that have attended the control of malaria, are examples of this. While we know that certain diseases are prone to a cyclical recurrence, we do not yet know what causes are responsible for this recurring cycle of disease prevalence. It is not sufficient explanation to say that epidemics of measles are due to an increase in susceptible material, i.e., of children born since the last epidemic, for this would not account for the seasonal prevalence of measles, and still less would it explain the widespread and sudden prevalence of epidemics of influenza throughout the world, during which persons who have passed through a previous attack are again affected.
It may be that certain atmospheric conditions so affect the human constitution as to lessen its power of resistance to disease, or that certain low forms of life that we know to be active agents in disease production acquire an additional increase in virulence and power of propagation under differing conditions of the atmosphere not solely referable to changes in temperature. It has been observed on occasions of epidemic prevalence of small-pox that vaccine lymph has appeared to possess undue potency, as shown by the result of vaccination of persons, and that this cannot altogether be explained by a want of due care in the performance of the operation of vaccination, which is prone to be associated with panic vaccination. It may be that at such times the susceptibility of the individual to "vaccinia" or to contract small-pox is increased.
It has been urged by those who have opposed the theory of the operation of an epidemic or pandemic cause that if it existed every locality within its influence should manifest the disease or diseases it was supposed to induce to nearly an equal extent; and that this has not been found to be so. Simon wrote: " Not even the merest tiro in medicine supposes that contagion (as a morbific power acting from each sick chamber) operates equally on all persons or equally under all varying circumstances of time and place."
In medicine there has always been a strong conservative bias and an aversion to relinquish orthodox theories, notwithstanding the fact that the whole science of medicine demonstrates the necessity of studying the behaviour of disease in all its aspects, and that progress in the science of medicine is dependent on the application of knowledge acquired through observation and experiment. We have to recognize that frequently more energy is expended in opposing a new idea than in advancing it, and that this opposition may be maintained for many years after a discovery has become an established fact. The opposition to vaccination as a preventive of small-pox dies hard. This opposition to progress is not, however, limited to medicine, for hardly any great scientific theory has been accepted without strenuous opposition, the dynamical theory of heat, the theory of undulation, the theory of evolution and others, have had all to fight their way through to victory.
The belief in a living cause of disease or contagium vivum is very old. We cannot fail to realize that undoubtedly the greatest progress made in recent years in our knowledge of epidemiology has been the translation of this belief into an established fact; and that this has resulted from the genius of Pasteur in expounding the germ theory of the causation and course of disease, and from the discoveries of Laveran, Manson and Ronald Ross as to the part played by parasites and insect carriers in disease production. While all this serves to explain endemic forms of disease, it does not account for the rapid diffusion and widespread prevalence of disease in epidemic or pandemic form. The essential cause of epidemic diffusion of disease must be dependent on some other factor or factors. There must be something superadded to the diseaseproducing organisms that augments their virulence or power to affect man; or that increases the susceptibility of the individual or diminishes his power of resistance. The nature of the influence in operation and the necessary part that it plays is unknown.
Going back to Sydenham, we find that he strongly insisted on the specific character of diseases, which he says are like plants, having each its typical way of beginning, developing, and coming to an end, and that the cause of the prevalence of disease was the epidemic constitution of the year. This epidemic constitution was something more than mere heat or cold, dryness or moisture, and it was related to certain alterations in the air.
If we go further back than Sydenham, we find that our medical ancestors had recourse to various agencies to explain the origin of disease, and to which they attributed its causation and spread. Epidemics were frequently associated with some mysterious power of the sun, moon, planets, stars, comets, earthquakes, volcanic eruptions, inundations, spasmodic convulsions of the sickened earth, a peculiar conception of the air, or an epidemic constitution of the atmosphere. One cannot fail to be impressed with the persistence of our forefathers that the condition of the atmosphere is in some way responsible for the presence or the absence of disease in epidemic form. At the same time, we must confess that meteorology has hitherto thrown little light on the subject, and notwithstanding the present delicate and far-reaching chemical and physical methods that have been employed in the investigations of the condition of the atmosphere, and the magnetic currents of earth and air, these means have entirely failed to show any relation between the physical properties of the air and epidemics of disease.
It is common knowledge that during times of thunderstorms milk readily turns sour. At such times the atmosphere may be charged with moisture, its temperature raised and so forth. But in like conditions of the atmosphere and in the absence of thunderstorms, milk remains unaffected. There appears to be no explanation of this save in the electrical condition of the atmosphere, and if this is the factor that determines the observed phenomenon, knowledge of the manner in which it acts is lacking. Can it be that the acid-producing micro-organisms are stimulated into increased activity through the electrical condition of the atmosphere ?
There is another matter which has relation to this subject, namely, the preparation in starch factories of rice starch for laundry purposes. After the starch has been ground into a paste to which water is added, it is further washed with dilute caustic soda to dissolve out more nitrogenous matter (the glutin). At all stages from the rice paste to the final washing the liquid is kept alkaline with caustic soda. It is a well recognized fact that to maintain this alkalinity more caustic soda is required in hot weather than in cold, and further, that in hot weather, when there is thunder in the air, still more caustic soda is required. Under such weather conditions it is not an unusual practice to add formalin to the rice paste to prevent it " turning sour."
The late Dr. R. W. S. Bishop, writing of his experience as a country practitioner at Kirby Malzeard, in the moorland district of Yorkshire, states that " Influenza spread sometimes so rapidly, specially on the exposed tablelands, that I am perfectly certain climatic influences played a much greater part in its causation than personal contagion." Similar experiences of almost simultaneous occurrence of the disease over wide tracts of land have * been recorded by other observers, and these accounts can be considered in conjunction with narratives of ships at sea that have held no communication with the land, and on board of which outbreaks of influenza have occurred at times when the malady has been prevalent on the coasts nearest to the position of the ships. Can the explanation be that the causal agent of the disease, in harmless form, is harboured by man, until some atmospheric condition affords it virulence ? Does it militate against such a theory that the disease may break out among islanders two or three days after the arrival of ab ship from a foreign port under circumstances that suggest the spread of the malady by direct infection from person to person ? CONCLUSION. Although from such knowledge as the medical profession has possessed at any given period, it has been argued that this or that circumstance cannot affect the prevalence or the absence of disease, yet these circumstances should be reviewed from time to time in order to ascertain whether recent discoveries in medicine or in allied subjects may supply information that in some way or another may assist to unravel one of the multitude of epidemiological problems. Manson stated his opinion that the mental horizon of the true scientific principle is determined neither by size, distance, nor social conditions. If we direct our attention to the discoveries which of recent years have followed investigation in regard to the physical and electrical conditions of the atmosphere we realize the important results that have followed the practical: application of these discoveries to the business of the world. Travel for long distances through space by aeroplane is an established fact, and wireless telegraphy has revolutionized methods of communication between distant parts of the globe. Surely such discoveries should arouse a spirit of inquiry among students of epidemiology and should lead to a re-opening of the question of atmospheric influence on the prevalence, and particularly on the epidemic prevalence, of disease. The difficulties associated with such an investigation are great, and much time would necessarily be occupied in a. systematic attempt to carry through such an undertaking. Though it extends to a sphere that to us may seem immeasurable and one that has only been explored to a very limited extent-for to those who made the attempt it appeared to be a barren waste-such an inquiry after truth might obtain confirmation of an anciently conceived opinion. It might result in filling in, in some measure, the scheme of epidemic diffusion of disease sketched in broad outline by Hippocrates more than two thousand years ago.
Progress in the study of epidemiology is closely associated with precise observations in the wide realm of Nature, and in the correct interpretation of these observations. This requires time and opportunity, patience and perseverance, enterprise and experience. There is nothing new or startling in this statement: it is two hundred and fifty years since Sydenham wrote: "True practice consists in the observations of Nature."
The student in epidemiology can in all humility echo the avowal made by Fracastor four hundred years ago: " I am well aware that it is difficult to say what Heaven does effect and in what fashion, and to find a certain assured cause for every event."
